Method for applying a film of sample to a sample carrier 

CROSS REFERENCE TO RELATED APPLICATION 

The present application claims priority of German patent 
application 102 46 446.4, filed on October 4, 2002. 

BACKGROUND OF THE INVENTION 

The invention relates to a method for applying a film of 
sample to a sample carrier for subsequent spectroscopic analy- 
sis . 

In the context of spectroscopic sample analysis, in par- 
ticular in the context of vibrational spectroscopy, such as for 
example IR, NIR, Raman spectroscopy, a method as mentioned 
above is used to prepare samples for the subsequent spectro- 
scopic analysis . 
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The samples which are to be applied to the sample carrier 
may, for example, be biological liquids, such as serum, urine, 
suspended cells, cell culture media, etc. or analytes dissolved 
in water, which are subsequently to be analyzed and in particu- 
lar quantified by IR spectroscopy. 

On account of the high inherent absorption of some sol- 
vents in the infrared (IR) spectral region, the quantity of 
sample applied to the sample carrier in the liquid state is 
dried to form a film of sample prior to the spectroscopic meas- 
urement. This ideally leads to the formation of homogeneous 
films of sample, i.e. films of sample which have a uniform 
layer thickness, so that the Lambert-Beer law applies. However, 
this method of applying a film of sample by drying a quantity 
of sample applied in liquid form is unsuitable for many sol- 
vents, in particular water, since the film of sample which is 
formed by drying does not have a uniform layer thickness over 
the area of the sample position, but rather has a greater layer 
thickness toward the edge than in the center. This phenomenon 
is explained below with reference to Fig. 3 and 4. 

Fig. 3 illustrates a sample carrier 1 which has a sample 
position A to which a quantity of sample 2 in the liquid state 
has been applied. The quantity of sample typically has a volume 
of 1 - 100 pi, while the sample position A has a diameter of 
approximately 1-20 mm. The sample position A is the region of 
the sample carrier which, in the case, for example, of IR spec- 
troscopy, is illuminated by the light beam during the subse- 
quent spectroscopic analysis . 
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Now, if the quantity of sample, as illustrated in Fig, 3, 
is applied to the sample position A of the sample carrier 1 
distributed uniformly in the form of a drop, the quantity of 
liquid sample, irrespective of whether it is applied manually 
using a pipette or with the aid of an automated pipetting de- 
vice, in section forms approximately the shape of a half -oval 
on the sample position. The surface tension of the quantity of 
liquid sample in this case determines the precise shape of the 
half -oval. 

After the quantity of sample 2 has been dried, what re- 
mains is a film of sample 3 which is significantly thicker at 
the edges than in the center, as illustrated in Fig. 4. Accord- 
ingly, the film of sample 3 has a crater-like appearance. This 
cratering effect is particularly pronounced if the solvent used 
for the sample is water. The layer thickness of the film of 
sample 3 formed is therefore not homogeneous across the sample 
position A. 

It has emerged that when the same sample and the same 
quantity of sample are repeatedly discharged onto a plurality 
of sample positions, the films of sample which are formed after 
drying also often adopt different forms. This means that the 
known method for applying a film of sample to a sample carrier 
not only leads to an inhomogeneous layer thickness in each 
individual film of sample, but also leads to very different 
spectra, which may differ significantly in particular in terms 
of their signal intensity, being obtained during a spectro- 
scopic analysis of a plurality of films of sample which have 
been produced from the same sample batch. Therefore, the con- 
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ventional method has the drawback that the films of sample 
cannot be produced in an unambiguously reproducible way. 

SUMMARY OF THE INVENTION 

There fore y it is an object of the invention to provide a 
method for applying a sample film to a sample carrier, in par- 
ticular a method which renders it possible that sample films 
from the same sample batch can be produced reproducibly , such 
that the subsequent spectroscopic analysis gives reliable re- 
sults . 

According to one aspect of the invention, a method for ap- 
plying a sample film to a sample carrier for subsequent spec- 
troscopic analysis is provided, comprising: 

- providing a quantity of sample in liquid state; 

- providing a sample carrier having at least one sample 
position ; 

- applying the quantity of sample in liquid state on 
the at least one sample position in a plurality of partial 
quantities of the quantity of sample in such a manner that the 
partial quantities on the at least one sample position are not 
in contact with one another before being dried; 

- drying the quantity of sample to form the sample 

film. 

Now, instead of a quantity of sample being distributed 
uniformly in one step over the sample position which subse- 
quently forms the measurement area for the spectroscopic analy- 
sis, as is the case in the conventional procedure, in the 
method according to the invention a quantity of liquid sample 
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is to be applied to the sample position of the sample carrier 
in a large number of partial quantities, i.e. in small por- 
tions, in such a manner that the individual partial quantities 
of the quantity of sample are not in contact with one another. 
Accordingly, a large number of small disjunct droplets of the 
sample are applied to the sample position and are then dried to 
form the sample film without mixing with one another. Although 
the cratering effect described above occurs with each of these 
partial quantities after they have been dried, the fact that a 
large number of these partial quantities are distributed over 
the sample position means that this cratering effect evens 
itself out over the area of the sample position, so that the 
sample film which is formed after the partial quantities have 
dried on the sample position is considerably more homogeneous 
as seen over the overall area of the sample position than if 
the quantity of sample is applied in its entirety in a single 
step to the sample position. 

In a preferred refinement of the method, the partial quan- 
tities are applied to the sample position in the form of a fine 
grid with a maximum occupation density. 

An advantage in this context is that the film of sample 
which is formed after the partial quantities have dried has an 
optimum homogeneity in terms of its layer thickness on account 
of the partial quantities being arranged in the form of a fine 
grid on the sample position with a maximum occupancy density, 
without the partial quantities being mixed with one another. 
Commercially available pipetting robots, which automatically 
apply the large number of partial quantities to the surface of 
the sample position of the sample carrier without them coming 
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into contact with one another after they have been applied and 
thereby combining with one another, can be used to apply the 
large number of partial quantities in a grid-like arrangement. • 

In a further preferred refinement, the individual partial 
quantities amount to from 1/10,000 to 1/10 of the quantity of 
sample which is to be applied to the sample position. 

The smaller the partial quantities, the higher the occu- 
pancy density of the partial quantities on the sample position 
can be and the more homogeneous the layer thickness of the film 
of sample formed after the partial quantities have dried be- 
comes • 

In a further preferred refinement, first of all a first 
layer of partial quantities is applied to the sample position, 
and after the first layer has dried, at least one further layer 
of partial quantities is applied and dried. 

This measure is advantageous if the quantity of sample 
which is to be applied to the sample position cannot be applied 
to the sample position of the sample carrier in one layer. 
Furthermore, this measure has the advantage that overall a 
greater quantity of sample can be applied to the sample posi- 
tion of the sample carrier, in order to increase the sensitiv- 
ity of the subsequent spectroscopic analysis. 

In this context, it is preferable for the partial quanti- 
ties belonging to the at least one further layer to be arranged 
on the sample position such that they are offset with respect 
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to the positions of the partial quantities belonging to the 
first layer. 

This measure has the advantage that the surface occupancy 
of the film of sample on the sample position of the sample 
carrier can be improved still further, i.e. no areas on which 
there is no film of sample remain on the sample position. 

As an alternative to the refinement described above, it is 
also preferable if the partial quantities belonging to the at 
least second layer are applied to the position of the partial 
quantities belonging to the first layer. 

This procedure has the advantage that application of the 
second layer of partial quantities of the quantity of sample 
cannot cause the partial quantities belonging to the first 
layer to become smeared or mixed as a result of the first layer 
which has already dried being partially dissolved, since such 
partial dissolution and mixing may under certain circumstances 
prove impossible to control, and this could have an adverse 
effect on the spectroscopic analysis. 

In a further preferred refinement, the sample carrier is 
heated before, during or after the application of the partial 
quantities - 

In this context, it is advantageous that the method ac- 
cording to the invention can overall be carried out in a 
shorter time, in particular if the quantity of sample is ap- 
plied to the sample position of the sample carrier in a plural- 
ity of layers of partial quantities. This is because heating 
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the sample carrier allows the drying of the partial quantities 
to be accelerated, so that in particular if a plurality of 
sample quantities are applied to various sample positions of a 
sample carrier application of the second layer of partial quan- 
tities to the first sample position can be continued as soon as 
one layer of partial quantities has just been applied to the 
final sample position of the sample carrier. 

In further preferred refinements, a plate made in particu- 
lar from IR- transparent material is used as the sample carrier, 
or alternatively the sample carrier used is a plate preferably 
made from metal or with a metallic surface whose surface is 
roughened. 

In the former case, the method according to the invention 
is suitable for the preparation of samples for spectroscopic 
analysis of samples by transmission measurement, i.e. by meas- 
uring the light which passes through the sample carrier, in 
which case materials such as silicon, zinc selenide, calcium 
fluoride, barium fluoride, thallium bromide and germanium can 
be used for the sample carrier. In the latter case, the method 
according to the invention is suitable for the preparation of 
samples for spectroscopic analysis by means of diffuse reflec- 
tion measurement at the roughened surface of the sample car- 
rier. 

Furthermore, the method according to the invention is par- 
ticularly suitable when using microtiter plates which have a 
large number of sample positions, for example 96, 384 or 1536 
positions . 
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The method according to the invention can be used to apply 
films of the same sample to the sample carrier in a very homo- 
geneous and reproducible way, so that in the event of repeated 
discharge of the same sample, the spectra obtained in the sub- 
sequent spectroscopic analysis give reliable and reproducible 
results . 

Further advantages and features will emerge from the fol- 
lowing description and the appended drawing. 

It will be understood that the features which have been 
mentioned above and those which are yet to be explained below 
can be used not only in the combination indicated in each in- 
stance but also in other combinations or on their own, without 
departing from the scope of the present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

An exemplary embodiment of the invention is illustrated in 
the drawings and is described in more detail below with refer- 
ence to the drawings, in which: 

Fig. 1 diagrammatically depicts a sample carrier having 
a multiplicity of sample positions in plan view; 

Fig. 2 shows a plan view of a greatly enlarged illus- 
tration of a single sample position of the sample carrier shown 
in Fig. 1, illustrating the method according to the invention; 



10 



Fig. 3 diagrammatically depicts a sample carrier with a 
sample position in which a quantity of sample has been applied 
in the liquid state using the conventional method; and 

Fig. 4 shows an illustration which is similar to that 
shown in Fig. 3 after a film of sample has been formed from the 
quantity of liquid sample shown in Fig. 3 by drying in accor- 
dance with the standard method. 

DETAIIiED DESCRIPTION OF A PREFERRED EMBODIMENT 

Fig. 1 illustrates a sample carrier 10, which is designed 
in the form of a microtiter plate with a total of 96 sample 
positions 12. The sample positions 12 are arranged in eight 
rows, denoted by A to H, and twelve columns, denoted by I to 
XII. A first sample position "I A" is provided with reference 
numeral 14, and a last sample position "XII H" is provided with 
reference numeral 16. 

A sample film can be applied to each of the sample posi- 
tions 12, in a manner which is described below, for subsequent 
spectroscopic analysis of the sample. The subsequent spectro- 
scopic analysis in this case consists, for example, in an in- 
frared (IR), near-infrared (NIR) or Raman spectroscopic analy- 
sis • 

The method described below for applying sample films to 
the sample positions 12 of the sample carrier 10 is suitable in 
particular for samples in aqueous solutions, such as biological 
liquids, for example serum, urine, suspended cells, cell cul- 
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ture media, etc,, or analytes dissolved in water, which are 
then to be quantified, for example by IR spectroscopy. 

Depending on whether the optical spectroscopic analysis is 
to be carried out by transmission or reflection, in particular 
diffuse reflection, the sample carrier 10, at least in the 
region of the sample positions 12, is a plate made from in 
particular infrared-transparent material or has a roughened 
metallic surface. 

To apply sample films which are subsequently to be ana- 
lyzed by spectroscopy to the sample positions 12, the procedure 
described below with reference to the example of sample posi- 
tion 12 is preferably employed. 

The quantity of sample which is to be applied to sample 
position 12 is applied to sample position 12 in the liquid 
state, this quantity of sample not being applied to the sample 
position 12 all at once or in a single step, but rather in a 
plurality of partial quantities 18, as illustrated in Fig. 2, 
without the partial quantities 18 coming into contact with one 
another, meaning that they cannot therefore mix with one an- 
other. These partial quantities 18 are then dried on the sample 
position 12 of the sample carrier 10 to form the film of the 
sample. 

The individual partial quantities 18 represent small por- 
tions or droplets of the quantity of sample which is to be 
applied to the sample position 12 and are arranged in the form 
of a fine grid. A commercially available pipetting robot or 
microdispenser , which automatically applies the large number of 
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partial quantities 18 to the entire surface of the sample posi- 
tion 12 of the sample carrier 10 in the form of small droplets 
with an individual volume of typically 1 to 500 nl, without the 
partial quantities 18 coming into contact with one another 
after they have been applied to the sample position 12 and 
fusing together, can be used to apply the individual partial 
quantities 18 to the sample position 12. The total sample quan- 
tity which results from the partial quantities 18 is approxi- 
mately 1 to 100 111. The partial quantities 18 individually 
amount to approximately 1/10 to 1/10,000 of the total sample 
quantity. 

The individual partial quantities are applied to the sam- 
ple position 12 with a maximum occupancy density. The largest 
possible part of the available surface area of the sample posi- 
tion 12 should be covered by the partial quantities 18, which 
then dry separately from one another, i.e. without coming into 
contact with one another. 

To achieve maximum coverage of the sample position 12 with 
the sample which is then to be analyzed, the smallest possible 
volumes are used for the partial quantities 18. The smaller the 
partial quantities 18 or volumes of the droplets are, the more 
homogeneous the later thickness of the film of sample produced 
after the partial quantities 18 have dried becomes. 

If it should prove impossible to pipette the quantity of 
sample which is to be applied to the sample position 12 in one 
layer, it is possible first of all to apply a first layer of 
partial quantities 18 to the sample position 12 and to dry this 
first layer, and then to apply further layers of partial quan- 
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titles 18 and dry them after the first layer of these partial 
quantities 18 has dried. The one or more further layers of 
partial quantities 18 are in this case applied as accurately as 
possible to the positions of the partial quantities 18 or dried 
spots of sample formed by these partial quantities 18 belonging 
to the first layer, in order not to effect uncontrollable mix- 
ing of partial quantities 18 belonging to the first layer, 
which could be produced by these spots of sample being par- 
tially dissolved by the application of the further layers. 

In this way, it is possible to gradually produce any de- 
sired layer thicknesses, so that the sensitivity of the subse- 
quent spectroscopic analysis can be increased. 

Referring once again to Fig. 1, all 96 sample positions 12 
of the sample carrier 10 can be provided with films of sample 
in the manner described above. In this case, first of all, 
starting at sample position 14 or a subsequent sample position, 
all the sample positions 12 up to the last sample position 16 
are successively provided with a first layer of partial quanti- 
ties 18 of the respective sample quantity of the sample which 
is to be analyzed in each case. When the final sample position 
16 has been reached in this way, the first layer of partial 
quantities 18 on the first sample position 14 has already 
dried, so that the second layer of partial quantities 18 of the 
corresponding quantity of sample can immediately be applied at 
sample position 14. 
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In this case, the drying time for each application can be 
optimally adjusted by heating the sample carrier 10 to a de- 
fined temperature, so that drying is accelerated. 



What is claimed is; 



